The aim of this study is to investigate how vegetable and fruit intake trends affect the estimated glomerular filtration rate (eGFR) by analyzing therapeutic diet status in elderly type 2 diabetes mellitus patients. The study included 59 elderly patients with type 2 diabetes mellitus (mean age: 70.167.8 y) who had previously received therapeutic education for type 2 diabetes mellitus from a clinical team and were subsequently receiving outpatient treatment. Blood examination data were retrospectively collected from medical records and diet status was investigated using a simplified self-administered diet history questionnaire. Dietary patterns were extracted using principal component analysis, and the relationships with each blood examination data were investigated. Linear regression analysis was then used to examine the intake food groups related to eGFR. Energy intake was 2769 kcal/kg. Overall, these results were in line with the Guidelines for the Treatment of Diabetes in Japan 2016. As a result of principal component analysis, seven dietary patterns were extracted, and the cumulative contribution ratio of the seven components was 74.0%. Among the dietary patterns, the 6th factor (positive weighting with fruit) for eGFR was a negative prognostic factor (p50.010). Analysis of food group intake and eGFR indicated that green and yellow vegetables were positive prognostic factors, whereas fruits were negative prognostic factors (both p,0.05). The dietary patterns dependent on green and yellow vegetables and fruit intake appeared to influence eGFR positively and negatively, respectively.
The aims of type 2 diabetes mellitus treatment are to avoid the onset and progression of complications and ideally to maintain quality of life (QOL) at a level equivalent to that of a healthy person (1) . When managing type 2 diabetes mellitus in elderly patients, QOL, including consideration of social conditions, values, and physical and mental state, is of particular importance, and comprehensive recuperation support and nutritional care should be offered (2) .
Thus, medical care needs to shift from a model that treats elderly patients as one group toward a model that provides tailored medical care on the basis of the characteristics of individuals whether elderly or not. Education to support self-care, aiming for mental autonomy and personalization, is indispensable for elderly patients with type 2 diabetes mellitus. Miller et al. (3) conducted a randomized comparative trial and reported the utility of nutritional guidance for elderly patients with type 2 diabetes mellitus. When providing support for elderly patients with type 2 diabetes mellitus, it is important not only to help them continue with dietary therapy but also to prevent their nutritional state from deteriorating, as this could result in new pathologies, such as frailty, that may affect their health and longevity.
The 2016 National Health and Nutrition Survey reported that the percentage of elderly people aged $65 y with a tendency toward undernutrition was 17.9% (4) . Factors related to undernutrition include social, psychological, and mental factors; age-related changes in physiological ability; pathological factors; and misunderstandings about nutrition (5) . Possible cases of misunderstanding about nutrition or food could include the belief that fruits can substitute for vegetables and eating no vegetables or the belief that fruits are substitutes for water and eating unlimited quantities of fruits. Elderly patients with long histories of type 2 diabetes mellitus may customize their eating habits to meet their preferences despite trying to adhere to dietary therapy.
In some patients with type 2 diabetes mellitus, persistent long-term hyperglycemia can lead to microvascular damage, causing diabetic complications of neuropathy, retinopathy, and nephropathy (1, 2) . It is particularly important to prevent diabetic nephropathy E-mail: yafukuda@mukogawa-u.ac.jp in elderly patients with type 2 diabetes mellitus because age-related decline of renal function coprecipitates. A comprehensive treatment for high blood glucose, blood pressure, and lipids has been reported to inhibit macroangiopathy in patients with type 2 diabetes mellitus complicated by early-stage nephropathy (6) . Urinary testing of microalbumin and serum creatinine (Cr) levels can be used to evaluate early-stage renal complications, and as the estimated glomerular filtration rate (eGFR) begins to fall, nephropathy also develops in the advanced phase, thereby making it necessary to closely monitor eGFR (1) . In the long-term management of type 2 diabetes mellitus, it is important to detect nephropathy in its early stages as this condition is closely related to prognosis. Therefore, it would be important to focus on eGFR trends in relation to diet therapy.
The authors previously conducted a hands-on type 2 diabetes mellitus education workshop with actual meals for elderly patients with type 2 diabetes mellitus as a form of recuperative guidance that could be completed on an outpatient basis and reported its effects (7) . It would be highly informative to follow-up and analyze how elderly patients are managed with recuperative guidance on an outpatient basis alone, including data on their disease pathology and prevention of diabetic nephropathy. Therefore, in order to clarify the eating habit peculiar to elderly patients with type 2 diabetes mellitus, it is important to identify the characteristics of diet in old age and examine in detail how dietary habits affect type 2 diabetes mellitus management.
In this study, we conducted a diet survey with two elderly populations: a population with type 2 diabetes mellitus being managed by the outpatient recuperative guidance described above and a population without type 2 diabetes mellitus living in the community. We then extracted the dietary patterns of the elderly patients with type 2 diabetes mellitus. When identifying general dietary patterns, it is important to condense the data in a way that maintains as much multidimensional information as possible (8) . In this study, we conducted a generalized evaluation of how elderly patients with type 2 diabetes mellitus with predialysis renal failure who had previously received type 2 diabetes mellitus recuperative guidance implemented the dietary therapy. We also investigated how the food groups ingested by the patients are related to eGFR, with reference to blood biochemical data.
SUBJECTS AND METHODS
The study included 59 patients with type 2 diabetes mellitus (mean age: 70.167.8 y, men: 33, women: 26) treated at the Osaka Medical Center for Cancer and Cardiovascular Diseases (currently: Osaka International Cancer Institute; hereinafter referred to as "the center") between July and August 2015 who were receiving pharmacotherapy (including insulin therapy) but not dialysis treatment ( Retrospective investigation of the patients' backgrounds from medical records indicated that underlying diseases included dyslipidemia; hyperuricemia; essential hypertension; arrhythmia; heart failure; effort angina; old myocardial infarction; arteriosclerosis obliterans; postoperative complications following gastric cancer surgery, endometrial cancer surgery, breast cancer surgery, and thyroid cancer surgery; metastatic bone tumor; metastatic lung tumor; malignant lymphoma; ovarian tumor; liver tumor; and pharyngeal tumor. All three diabetic complications, retinopathy, nephropathy, and neuropathy, were observed. The treatment period at the center was 1-22 y (mean: 10.568.2 y, median: 8 y). This was inferred from the interview. However, 
Data are expressed as mean6standard deviation.
the actual disease durations were suspected to be longer. All patients had received either self-management guidance by means of a type 2 diabetes mellitus workshop or personal guidance while attending outpatient examinations in the past. During subsequent outpatient treatments, changes in test values were monitored and patients were encouraged to continue their recuperative lifestyle. Nutrient and food group intake was investigated via a diet survey. For this survey, we used the brief-type self-administered diet history questionnaire (BDHQ). Energy, nutrient intake, and intake from each food group were estimated from food-intake frequency during 1 wk in the past 1 mo. BDHQ is considered to offer reproducibility and validity without placing a burden on the patients (9, 10) . On the basis of the BDHQ data, we calculated energy intake per day per 1 kg of current weight (EN/kg), energy production nutrient ratio (%E), and intake of other nutrients by food group (converted to values per 1,000 kcal energy intake). For %E, we calculated carbohydrate %E (C%E), protein %E (P%E), fat %E (F%E), and alcohol %E (Alc%E). Mean EN/kg was 2769 kcal/kg, mean C%E was 48.868.1%, mean P%E was 17.863.4%, mean F%E was 29.065.1%, and mean Alc%E was 3.667.6%. These values were generally close to the target values recommended in Guidelines (GL) (1) ( Table 2) .
Relationship between identified dietary patterns and test values.
To understand the dietary patterns, we used principal component analysis to identify factors that determined dietary patterns according to the intake of 15 food groups. Principal components were set as having a factor loading of $0.35.
Next, we investigated the relationship between the identified dietary patterns and the test values. With eGFR as the objective variable, linear regression analysis was performed using the 6th factor, BMI, age, and sex as the explanatory variables. We also performed linear regression analysis (stepwise method) with eGFR as the objective variable and potassium, green and yellow vegetables, other vegetables, and fruits as the explanatory variables.
Correlations between the 6th factor score and age, BMI, BUN, Cr, eGFR, and intake of citrus fruits, persimmon, or other fruits were also investigated.
Statistical analysis. SAS version 9.4 (SAS Institute Inc., Cary, NC) was used for statistical analysis. The data are presented as mean6standard deviation. Dietary patterns were identified using principal component analysis. The Mann-Whitney U-test was used to investigate differences between two independent groups. Spearman's rank correlation analysis was used for correlation analysis between two independent variables. Multivariate analysis was used to test relationships among multiple variables. The level of statistical significance was set at ,5%.
Ethical considerations. This study was approved by the institutional review board of the Osaka Medical Center for Cancer and Cardiovascular Diseases (approval number: No. 1503315262, approval date: March 31, 2015) and the institutional review board of Mukogawa Women's University (approval number: No. 15-68, approval date: December 14, 2015) . On the basis of the requirements of the latest version of the Declaration of Helsinki for the study, patients were provided with explanations of the study in advance, and only those who provided written informed consent were included in this study. Sensitive personal information and data were anonymized so that individuals could not be identified.
RESULTS

Identification of dietary patterns
Seven dietary patterns with an eigenvalue of $1 were identified. With the seven dietary patterns, 74.0% of total variance was explained. To characterize the dietary pattern, food groups with absolute factor loading $0.35 were considered. Factor loadings of the seven dietary patterns are shown in Table 3 .
The 1st factor was characterized by high intake of other vegetables (0.533), green and yellow vegetables, (0.489), and pulses (0.393). The 2nd factor was characterized by low intake of eggs (20.355 ). The 3rd factor was characterized by high intake of cereals (0.428) and low intake of oils and fats (20.592) and meat (20.352 ). The 4th factor was characterized by high intake of nonessential treats (0.583) and sugar (0.399) and low intake of cereals (20.489). The 5th factor was characterized by high intake of potatoes (0.436) and confectionery (0.412) and low intake of dairy (20.548). The 6th factor was characterized by high intake of fruits (0.436) and pulses (0.364) and low intake of seafood (20.511) and sugar (20.357). The 7th factor was characterized by high intake of sugar (0.597) and dairy (0.359) and low intake of seafood (20.457) .
Relationships between dietary patterns and test values
Given the significant negative correlation (5 20.312, p50.016) between the 6th factor and eGFR, we conducted linear regression analysis with eGFR as the objective variable and the 6th factor, BMI, age, and sex as the explanatory variables. Results indicated that the 6th factor (b524.919, standard error51.848, t value522.66, p50.010) and age (b520.595, standard error50.278, t value522.14, p50.037) were significant negative prognostic factors for eGFR. Apart from the relationship noted with the 6th factor, no significant relationships were observed between the test values and the 1st, 2nd, 3rd, 4th, 5th, or 7th factors.
The results of linear regression analysis (stepwise method) with eGFR as the objective variable and intake of potassium, green and yellow vegetables, other vegetables, and fruits as the explanatory variables indicated that green and yellow vegetable intake was a significant positive prognostic factor for eGFR (b50.111, standard error50.045, t value52.48, p50.016), whereas fruit intake was a significant negative prognostic factor for eGFR (b520.101, standard error50.036, t value522.83, p50.007; Table 4 ).
The analysis of relationships of the 6th factor with age, BMI, BUN, Cr, eGFR, and intake of citrus fruits, persimmon, and other fruits showed that the 6th factor was significantly correlated with Cr (50.268, p50.041), eGFR (520.328, p50.011), and other fruits (50.279, p50.032).
DISCUSSION
In order to clarify the dietary characteristics of elderly patients with type 2 diabetes mellitus, we conducted a diet survey among patients who had received diet therapy education for type 2 diabetes mellitus by hospital staff in the past and continued to engage in recuperation while undergoing outpatient treatment alone. We then investigated the food groups related to eGFR. The main method employed in this study was to identify the factors that determined dietary patterns to structurally evaluate food intake among elderly patients with type 2 diabetes mellitus. Various dietary patterns were identified, and it appeared that diet therapy status reflected the food preferences and eating habits of elderly patients with type 2 diabetes mellitus.
The 1st factor was a dietary pattern in which sufficient vegetables were consumed, protein intake came from a balance of animal protein and plant protein foods, and excessive amounts of confectionery were not consumed. This is generally the pattern prescribed for a diabetic diet and appears to be the result of recuperative guidance received in the past. This pattern is also similar to the dietary pattern according to vegetables and processed soy products that the Japan Public Health Centerbased prospective study (11) (hereinafter referred to as "JPHC study") termed the "healthy type."
The 2nd factor was diet therapy that followed the directed energy volume while taking care to decrease and exchange confectionery and potato intake with cereals and exchange dairy intake with eggs, i.e., exchanging with food groups with similar nutritional features. The 3rd factor was a reduction in the fat content of meals as much as possible while staying within the framework of instructed energy. The 4th factor appeared to be a dietary pattern that strongly relied on preferential treats while adjusting the energy intake. The 5th factor was a strong preference for tubers, roots, and confectionery but in contrast to the 2nd factor, a reduction in eggs, which are high in cholesterol, and a dislike for milk and dairy products. The 6th and 7th factors appeared to reflect strong preferences for specific food groups such as fruits, sugar, dairy, or seafood.
As shown above, we noted that there are diverse dietary patterns among patients. However, patients' blood glucose management indices, energy intake, and energy production nutrient ratios were generally similar to the target values recommended in GL (1). Moreover, excluding the 6th factor, no relationships were noted between clinical data and the 1st, 2nd, 3rd, 4th, 5th, or 7th factors. As the eating habits of elderly patients with chronic type 2 diabetes mellitus are highly diverse, it is difficult to determine a fixed dietary pattern. Nutritional guidance should thus evaluate the level of a patient's comprehension while accepting the patient's intentions so that a highly effective and flexible approach can be adopted (1, 2) . Taking the prevention of complications and disease progression into account, the findings suggest that patients' preferences and eating habits should be honored as long as no abnormal test values are observed. Moreover, as long as the range of instructed units and energy production nutrient balance is not exceeded, the degree of freedom in food selection can be determined on an individual basis.
As our study population comprised patients who regularly attended outpatient treatment at a specialized hospital because of a serious disease, it is possible that they exhibited excellent adherence to dietary guidance for type 2 diabetes mellitus, for which they were being treated at the same time. It also appears that nutritional counselors supported the continuance of self-management incorporating freedom for preferences while continuing treatment, to the extent that no worsening in blood glucose control occurred on the basis of diet therapy learned in the past. We proposed nutritional guidance according to both disease conditions and patients' tastes. The experience of eating an actual meal with the proper amount and content helped the patients to understand. Assistance based on actual experiences was successful.
However, the 6th factor reflected a strong reliance on fruit (negative direction) and was found to be a significant, negative prognostic factor for eGFR. In addition, we found that green and yellow vegetables were a positive prognostic factor for eGFR, whereas fruit was a negative prognostic factor for eGFR. Therefore, we focused on the relationship between dietary patterns and kidney function, which were found to depend upon green and yellow vegetables and fruits.
In the JPHC study on type 2 diabetes mellitus, it was reported that food acidity and alkalinity affect glucose metabolism. Animal-based foods (meat, fish) and dairy products (milk, cheese) are classified as acidic foods, whereas plant-based foods (vegetables, fruits, seaweed, soybeans, pulses, etc.) are classified as alkaline foods. Persistent acidic state in the blood (metabolic acidosis) because of the intake of meals low in alkaline foods but high in acidic foods may impair glucose metabolism. It has also been reported that Japanese males whose diets contained higher acidic foods had a two-fold risk of type 2 diabetes mellitus (12). Iwase et al. (13) previously indicated that dietary acid-base load plays an important role in cardiometabolic abnormalities. In a short-term study on patients with chronic kidney disease (CKD) stage-G1 and stage-G2 hypertensive nephropathy, Goraya et al. (14) found that in patients whose kidney function was not decreased, high intake of vegetables and fruits decreased acid load in the same manner as administering sodium bicarbonate, suggesting that intake of these foods protected kidney function. When kidney function decreases, this tends to cause excessive production and decreased excretion of acid, leading to abnormal acid-base equilibrium (15) . This results in metabolic acidosis where blood pH decreases; however, because alkaline foods such as vegetables are involved in correction of acidosis to some extent, kidney function may be protected (15) . In a recent study of patients with stage-G3 and stage-G4 CKD, it was found that kidney failure progresses more rapidly in patients consuming a diet with high constitution of acidic foods, although metabolic acidosis is not more common in these patients (16) . Thus, it appears that vegetables, particularly green and yellow vegetables, have a favorable effect on longterm kidney function. Next, when we used eGFR as an index to evaluate the relationship between diet and nephropathy progression, we found a robust positive correlation between eGFR and intake of vegetables, specifically green and yellow vegetables.
Large amounts of potassium are found in high-protein foods such as meat, fish, eggs, and soy products as well as in low protein foods such as fruits, vegetables, and potatoes. Potassium tends to be lost when vegetables are boiled or simmered before consumption. In contrast, as fruits are often eaten raw, they are considered to contain large amounts of potassium. Sodium and potassium ions are fundamental electrolytes that maintain normal cell functions and blood pressure for wholebody homeostasis (17) . Previous studies have shown that ingesting a large amount of potassium increases sodium excretion from the kidneys and decreases blood pressure (18, 19) . However, when kidney function is decreased and potassium excretion is limited, potassium concentration in extracellular fluid increases, resulting in a state of hyperkalemia. Increased blood potassium levels cause electromyographic abnormalities and risk of arrhythmia. Thus, when blood potassium levels increase in patients with kidney failure, their intake of foods containing large amounts of potassium such as fruits must be restricted (20) .
Although vegetables and fruits are both alkaline foods, the present study found that their intake exhibits opposing effects on kidney function, i.e., while green and yellow vegetables positively correlate with change in eGFR, fruits negatively correlate with it. This suggests that the intake of green and yellow vegetables and fruits is associated with changes in eGFR.
Green and yellow vegetables appeared to have served kidney protection function, whereas fruits, which are often eaten raw, appeared to have acted as a burden on kidney function. A significant positive correlation was found between the 6th factor and the intake of other fruits. The results suggest that high quantities of fruits with relatively high K levels, such as bananas and summer fruits, including watermelon and melon, were consumed.
Chronic metabolic acidosis has been reported to be a risk factor for developing insulin resistance and metabolic syndrome (13) . As part of the E3N-EPIC Study, Fagherazzi et al. evaluated the meal acidity scores of residents in France using potential renal acid load and net endogenous acid production. They found that women who ate meals with high acidity scores had a 56% greater risk of developing type 2 diabetes mellitus than women who ate meals with high alkalinity scores (21) . Through such studies, it has become clear that acidbase equilibrium abnormalities are related to metabolic diseases such as type 2 diabetes mellitus. Moreover, it is well-known that dietary patterns combining vegetables/ pulses, seaweed, milk/dairy products, and appropriate amounts of cereal contribute to autonomous lifestyles in the elderly (22) . Therefore, appropriate consumption of vegetables and fruits is important.
In this study, we used principal component analysis to compress information into a low-dimensional space while maintaining as much multidimensional data as possible. Our extraction of dietary patterns with principal component analysis identified seven dietary patterns. The cumulative contribution rate of the seven dietary patterns was 74.0%. Although a basic diabetic dietary pattern was identified for the 1st factor, its contribution rate was 15.8%. In fact, the cumulative contribution rate of the 1st, 2nd, and 3rd factors were only 40.4%. However, correlations with blood biochemical data suggested a relationship with a kidney function marker and we were able to detect new dietary objectives.
Study limitations
This study has several limitations. First, as we only gathered data from a single medical institution, which was a specialized hospital that primarily treats cancer patients, data on exercise therapy may not have been sufficiently obtained. In addition, as the diet survey was implemented in the summer, there may be seasonal partiality in the patients' meals. These factors may limit the extent to which our results can be interpreted.
CONCLUSIONS
From the result of the extracted dietary patterns, by understanding the structure of food intake of elderly patients with type 2 diabetes mellitus, we extracted various dietary patterns. Among the seven identified factors, a significant correlation was observed between the 6th factor and eGFR. We found that green and yellow vegetable intake was a significant positive prognostic factor for eGFR, whereas fruit intake was a significant negative prognostic factor for eGFR. When blood glucose management indices in elderly patients with type 2 diabetes mellitus with a chronic condition are close to the target values recommended in GL, a highly effective and flexible dietary approach should be taken, incorporating patient preferences without exceeding the directed unit and energy production nutrient balance. However, we should instruct patients to consume appropriate amounts of vegetables and fruits according to GL.
